
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
is referred to as the most toxic man-made
chemical known [International Agency for
Research on Cancer (IARC) 1997]. Data on
environmental accidents and occupationally
exposed subjects have increased our knowledge
on human health effects of TCDD (Sweeney
and Mocarelli 2000).

The best-known dioxin accident took place
in Seveso, Italy, in 1976. In a chemical factory,
a trichlorophenol production reactor exploded
and ≥ 30 kg TCDD was spread over an area of
approximately 18 km2 (Di Domenico et al.
1980). Several thousand people, children
among them, were exposed to substantial quan-
tities of TCDD. The contaminated area was
divided into three major zones (A, B, and R)
on the basis of decreasing order of surface soil
concentrations of TCDD (Bisanti et al. 1980),
and soon after the accident a health assessment
of the population was initiated. As part of this
effort, blood samples were collected for clinical
chemistry tests, and small amounts of serum
were stored for later analyses. These samples
rendered it possible to quantify individual
TCDD exposures (Mocarelli et al. 1988;
Needham et al. 1997/1998).

Children exposed to TCDD had higher
body burdens than adults. This was seen in
zones A and B but also in the non-ABR zone

surrounding the three major zones (Eskenazi
et al. 2004). Approximately 20% of the chil-
dren < 10 years of age who had been exposed
and had been living in the most severely
contaminated zone A developed chloracne
(Mocarelli et al. 1986). Exposure of males
before and during puberty was linked to a
lower male:female ratio in their offspring, and
it was suggested that TCDD permanently
affected the function of human epididymis
(Mocarelli et al. 2000).

In two episodes of epidemic poisoning in
Japan and Taiwan (so-called Yusho and
Yucheng accidents, respectively), severe devel-
opmental effects were observed in infants and
children born to mothers who had been
exposed to polychlorinated dibenzofurans/
biphenyls (PCDFs/PCBs) (Rogan et al. 1988;
Yamashita and Hayashi 1985; Yao et al.
2002). These included intrauterine growth
retardation, low birth weight, hyperpigmen-
tation, natal teeth, increased incidences of
skin and respiratory infections, neurodevelop-
mental delay, and alterations in sexual devel-
opment (Chen and Hsu 1994; Chen et al.
1992; Ikeda 1996; Rogan et al 1988).

Although there are differences among
species in susceptibility, embryonic develop-
ment of most vertebrate species is sensitive to
TCDD (Peterson et al. 1993). Developmental

effects in laboratory rodents include cleft
palate, disturbed development of the man-
dible, various ureteric and kidney malforma-
tions in mice (Abbott and Birnbaum 1989;
Abbott et al. 1987; Allen and Leam 2001;
Peters et al. 1999), and alterations in the repro-
ductive tract development and function in
mice and rats (Hurst et al. 2000; Theobald
and Peterson 1997). Impaired mammary
gland development and differentiation were
found in female mice after gestational and lac-
tational exposure (Lewis et al. 2001). In rhesus
macaques TCDD causes developmental jaw
cysts (McNulty 1985), and in avian and fish
embryos it causes cardiovascular toxicity and
disturbs craniofacial development (Cantrell
et al. 1996; Hornung et al. 1999; Teraoka
et al. 2002; Walker and Catron 2000).

Teeth develop as a result of a series of
inductive, sequential, and reciprocal interac-
tions between the ectoderm and the subjacent
mesenchyme (Thesleff et al. 1995). Tooth
development is genetically regulated but
sensitive to environmental disturbances.
Aberrations in the function of tooth-forming
cells lead to permanent morphologic conse-
quences. Because development of the first pri-
mary tooth begins in the fourth week in utero
and the development of the roots of the wis-
dom teeth is completed around 20 years of
age, teeth serve as a record that covers a long
time period of life.

We have shown that in a normal child
population, polychlorinated dibenzo-p-dioxins
(PCDDs) and PCDFs in mother’s milk may
cause mineralization defects in the child’s
permanent first molar teeth undergoing min-
eralization during the first 2 years of life
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Children’s developing teeth may be sensitive to environmental dioxins, and in animal studies develop-
ing teeth are one of the most sensitive targets of toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). Twenty-five years after the dioxin accident in Seveso, Italy, 48 subjects from the contami-
nated areas (zones A and B) and in patches lightly contaminated (zone R) were recruited for the exam-
ination of dental and oral aberrations. Subjects were randomly invited from those exposed in their
childhood and for whom frozen serum samples were available. The subjects were frequency matched
with 65 subjects from the surrounding non-ABR zone for age, sex, and education. Concentrations of
TCDD in previously analyzed plasma samples (zone ABR subjects only) ranged from 23 to
26,000 ng/kg in serum lipid. Ninety-three percent (25 of 27) of the subjects who had developmental
enamel defects had been < 5 years of age at the time of the accident. The prevalence of defects in this
age group was 42% (15 of 36) in zone ABR subjects and 26% (10 of 39) in zone non-ABR subjects,
correlating with serum TCDD levels (p = 0.016). Hypodontia was seen in 12.5% (6 of 48) and 4.6%
(3 of 65) of the zone ABR and non-ABR subjects, respectively, also correlating with serum TCDD level
(p = 0.05). In conclusion, developmental dental aberrations were associated with childhood exposure to
TCDD. In contrast, dental caries and periodontal disease, both infectious in nature, and oral pigmenta-
tion and salivary flow rate were not related to the exposure. The results support our hypothesis that
dioxins can interfere with human organogenesis. Key words: developmental enamel defect, dioxin,
hypodontia, hypomineralization, hypoplasia, Seveso, TCDD, teeth. Environ Health Perspect
112:1313–1318 (2004). doi:10.1289/ehp.6920 available via http://dx.doi.org/ [Online 1 July 2004]




